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A c o n t r o l  func t ion ,  which i n  t h i s  memorandum i s  c a l l e d  
" f l i g h t  c o n t r o l , "  i s  be ing  a p p l i e d  t o  v i r t u a l l y  a l l  s p a c e c r a f t  
i n  t h e  i n v e n t o r i e s  of t h e  Goddard Space F l i g h t  Center  ( G S F C ) ,  
t h e  Je t  Propuls ion  Laboratory (JPL) , t h e  Manned S p a c e c r a f t  
Center  (MSC) and t h e  A i r  Force S a t e l l i t e  Con t ro l  F a c i l i t y  (AFSCF) . 
Although t h e  g e n e r a l  n a t u r e  of t h i s  f u n c t i o n ,  as performed a t  

d e s c r i p t i o n  of what it inc ludes  and where i t s  bounds l i e  has  never  

Opera t iona l ly ,  t h i s  d e f i c i e n c y  has n o t  been s i g n i f i c a n t .  
A s  budgets become c o n s t r a i n t e d  however, a more p r e c i s e  understand- 
i n g  of t h e  scope of t h i s  func t ion  w i l l  be e s s e n t i a l  i f  t h e  many 

m these f o u r  c o n t r o l l i n g  agencies ,  is  somewhat t h e  same, a common 
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2 $ been advanced. 

(dm 

13- 

4, 

\ 
0 
0 Y t i v i t i e s  t h a t  comprise a t o t a l  space program are  t o  be  ass igned  

-eir proper  n iche  and e x e r c i s e s  i n  s e m a n t i c s  avoided. 

The purpose of t h i s  memorandum i s  t o  i l l u m i n a t e  t h i s  
tbject and t o  s t i m u l a t e  thought  concerning i t .  
i presented  as a func t ion  which encompasses on ly  t h o s e  sub- 
tnct ions e s s e n t i a l  t o  t h e  conduct of t h e  f l i g h t .  The f u n c t i o n  
; d e f i n e d ,  i t s  domain i s  p r e s c r i b e d ,  c u r r e n t  approaches t o  it 
:e d i scussed  and conclusions concerning i t s  r e l a t i o n s h i p  w i t h  
:her, p e r i p h e r a l ,  space program a c t i v i t i e s  are p resen ted .  W e  
Include t h a t  t h e  f u n c t i o n  can b e  r e a d i l y  i d e n t i f i e d  i n  t e r m s  of 
1 - l i n e  and o f f - l i n e  a c t i v i t i e s  a s s o c i a t e d  wi th  t h e  s p a c e c r a f t  
roper and wi th  t h e  network through which t h e  c r a f t  i s  c o n t r o l l e d .  

roach should be t a k e n  and a l l  non-es sen t i a l  a c t i v i t i e s ,  even 
?ough r e l a t e d ,  should be s e t  a p a r t  from t h e  expensive f l i g h t  
2 n t r o l  func t ion  and g iven  s e p a r a t e  i d e n t i t y .  Once so  i d e n t i -  
i e d ,  except ions  i n  mode of o p e r a t i o n  c a n  be  made and o v e r l a p s  
o l e r a t e d  so long as each i s  c l e a r l y  recognized as an excep t ion  
nd n o t  allowed t o  grow i n t o  an i l l - d e f i n e d  i n t e r f a c e .  W e  con- 

? .ON ,, l ude  t h a t  wi th  t h i s  approach, s i g n i f i c a n t  economies can b e  - e a l i z e d  wi thout  jeopardy t o  miss ion  success  by t h e  e l i m i n a t i o n  
f unnecessary e f f o r t ,  by ensur ing  t h a t  a c t i v i t i e s  which do  n o t  

s u p p o r t  f l i g h t  c o n t r o l  are conducted o u t s i d e  t h e  expens ive  
f l i g h t  c o n t r o l  s t r u c t u r e ,  by combining s i m i l a r  a c t i v i t i e s ,  by 
s h a r i n g  and schedul ing  people  and equipment where f e a s i b l e  and, 
m o s t  impor t an t ly ,  by al lowing g r e a t e r  management v i s i b i l i t y  i n  
t h i s  c o s t l y  area. 

" F l i g h t  cont ro l ' '  

We conclude t h a t ,  i n i t i a l l y ,  a "b lack  and whi te"  ap- 
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Almost from t h e  f irst  s a t e l l i t e  launch ,  s p a c e c r a f t  
have been " c o n t r o l l e d "  i n  t h e  s e n s e  t h a t  t hey  could  be commanded 
t o  respond t o  i n s t r u c t i o n s  from t h e  ground. T h i s  " c o n t r o l "  
a s p e c t  of space f l i g h t  is o f t e n  a l l u d e d  t o  i n  p u b l i c a t i o n s  and 
i n  v e r b a l  d i s c u s s i o n s .  " F l i g h t  c o n t r o l ,  a s  p r a c t i c e d  a t  t h e  
Manned Spacec ra f t  Center  (MSC), Houston, i s  w e l l  d e f i n e d  i n  t h e  
c o u r s e  m a t e r i a l  and p u b l i c a t i o n s  of t h e  F l i g h t  Con t ro l  Div is ion .*  
Never the l e s s ,  when t h e  t o t a l  space  community i s  canvassed,  t h e  
t o p i c a l  area covered o r  implied by t h e  t e r m  " f l i g h t  c o n t r o l "  re- 
mains i l l - d e f i n e d ,  and d i f f e r i n g  conno ta t ions  are a s s igned  it 
accord ing  t o  how and by whom used.  Most o f t e n  t h e  s p e c i f i c  t e r m  
" f l i g h t  c o n t r o l "  i s  n o t  used a t  a l l  a l though a g e n e r a l  f u n c t i o n a l  
area having somewhat s i m i l a r  c h a r a c t e r i s t i c s  i s  p r e s e n t  i n  t h e  
o p e r a t i o n a l  environments of t h e  Goddard Space F l i g h t  Center  
( G S F C ) ,  t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) of t h e  J e t  
Propuls ion  Laboratory ( JPL)  , t h e  Manned S p a c e c r a f t  Center  (MSC) , 
t h e  A i r  Force S a t e l l i t e  Cont ro l  F a c i l i t y  (AFSCF)  , t h e  aerospace  
i n d u s t r y  and t h e  s c i e n t i f i c  community. 

I n  a work-a-day c o n t e x t ,  t h i s  vagueness has  n o t  been 
e s p e c i a l l y  impor tan t  s i n c e  there has come about  through evolu- 
t i o n  an adequate  understanding of what i s  conta ined  i n  t h a t  
f u n c t i o n  which comprises t h e  command and c o n t r o l  of s p a c e c r a f t .  
As budgets become cons t r a ined  however, it appears  t h a t  a more 
p r e c i s e ,  i f  n o t  u n i v e r s a l l y  accep ted ,  unders tanding  w i l l  be 
needed of where t h e  bounds of t h i s  area l i e .  Such a n  understand- 
i n g  w i l l  be e s s e n t i a l ,  e s p e c i a l l y  t o  t o p  management and p l anne r s ,  
i f  time-consuming e x e r c i s e s  i n  semantics  a r e  t o  be avoided and 
i f  va l id  judgements are  t o  be made concerning where t h e  many 
a c t i v i t i e s  t h a t  make up a t o t a l  space  program are t o  be ass igned  
and charged. 

I t  i s  t h e  purpose of  t h i s  memorandum t o  f u r t h e r  i l l u m i -  
n a t e  t h i s  s u b j e c t ,  t o  s t i m u l a t e  thought  concerning i t ,  t o  sugges t  
what c o n s t i t u t e s  " f l i g h t  control ' '  and, perhaps m o s t  impor t an t ly ,  

*See, f o r  example, " In t roduc t ion  t o  F l i g h t  Con t ro l ,  'I 
SCD N o .  T.O1, 3/1/68,  F l i g h t  Cont ro l  D iv i s ion ,  MSC, Houston, 
Texas. 
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t o  sugges t  where t h e  bounds of t h e  f l i g h t  c o n t r o l  f u n c t i o n  should 
l i e - - tha t  i s ,  t o  sugges t  what f l i g h t  c o n t r o l  i s  n o t .  Throughout, 
t h e  d i s c u s s i o n  i s  non-specif ic ;  t h a t  i s ,  w i t h o u t  r e g a r d  t o  a 
p a r t i c u l a r  o r g a n i z a t i o n  o r  t o  a p a r t i c u l a r  program a t  any one 
geographic  l o c a t i o n .  

FLIGHT CONTROL DEFINED 

I n  t h i s  memorandum it i s  taken  a s  f a c t  t h a t  i n  any 
c u r r e n t  or f u t u r e  space  f l i g h t  endeavor a c o n t r o l  f u n c t i o n  w i l l  
e x i s t .  While t h i s  p o i n t  may appear  s u b t l e  ( o r ,  perhaps ,  unneces- 
s a r y )  it i s  an impor tan t  one s i n c e  it means t h a t  t h e  day of t h e  
completely unresponsive s p a c e c r a f t ,  uncapable  of be ing  commanded, 
has  v i r t u a l l y  ended. I t  i s  a l s o  taken  f o r  g ran ted  t h a t  t h e  bulk of 
t h e  space community would agree, i n  p r i n c i p l e  a t  l e a s t ,  t l i3.t  t h i s  
c o n t r o l  f u n c t i o n ,  which i n  t h i s  memorandum w e  w i l l  c a l l  " f l i g h t  
c o n t r o l " *  could be de f ined  something l i k e :  " t h a t  f u n c t i o n  which 
i n t e g r a t e s  t h e  launched s p a c e c r a f t  and t h e  ground system i n  a 
manner such t h a t  t h e  success  of t h e  miss ion  i s  maximized." T h i s  
d e f i n i t i o n ,  p a r a l l e l i n g  somewhat t h e  one publ i shed  by t h e  F l i g h t  
Cont ro l  D iv i s ion  (MSC) , has been broadened t o  i n c l u d e  unmanned 
as w e l l  as manned s p a c e c r a f t  and a l so  t o  i n c l u d e  t h e  t o t a l  ground 
system, f r o m  t h e  ope ra t ions  console  t o  t h e  antenna.  I n i s  con- 
t e x t ,  " f l i g h t  c o n t r o l "  i s  a f u n c t i o n  which amalgamates t h e  
e f f o r t s  of o t h e r  func t ions ;  it i s  n o t  an o r g a n i z a t i o n .  

The e x e r c i s e  of t h e  f l i g h t  c o n t r o l  f u n c t i o n  i s  t h e  
dominant ( b u t  n o t  n e c e s s a r i l y  t h e  on ly )  a c t i v i t y  du r ing  t h e  t h i r d  
of f o u r  major phases i n  t h e  l i f e  c y c l e  of any s p a c e c r a f t ,  these 
be ing  (F igu re  1): 

1. t h e  f a b r i c a t i o n  phase which i n c l u d e s  development 
and tes t ;  

2.  t h e  launch phase which inc ludes  mating t o  boos te r  
and in t e rmed ia t e  s t a g e s  and t o t a l  on-pad system 
checkout;  

3 .  t h e  f l t g h t  phase,  du r ing  which c o n t r o l  of t h e  space-  
c r a f t  i s  exe rc i sed  and data  a r e  ob ta ined  and; 

4 .  t h e  recover  on e a r t h  phase o r  a l t e r n a t i v e l y ,  t h e  
demise __ry through impact o r  e l e c t r o n i c  f a i l u r e )  phase. 

*Other d e s c r i p t i v e  terms could  b e ,  and o f t e n  a re ,  ass igned  
t h i s  f u n c t i o n .  I t  i s  only impor tan t ,  f o r  t h e  purpose of t h i s  
memorandum, t o  c l e a r l y  keep i n  mind t h a t  a f u n c t i o n a l  area i s  
be ing  d i scussed .  The name given it is  of secondary importance.  
" F l i g h t  Cont ro l"  w a s  chosen a s  t h e  one most n e a r l y  d e s c r i p t i v e  
of a l l  t e r m s  a v a i l a b l e  and as  t h e  one l i k e l y  t o  b e  fami l ia r  t o  
most readers. 
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The domain of f l i g h t  c o n t r o l  ex tends  from t h e  p o i n t  
where a d e c i s i o n  i s  considered/reached, up t o  and i n c l u d i n g  t h e  
execu t ion  of t h a t  d e c i s i o n  by t h e  s p a c e c r a f t  o r  t h e  network.* 
F l i g h t  c o n t r o l  coord ina te s  and c o n t r o l s  t h e  a c t i o n s  of a l l  t h e  
people  and a l l  t h e  hardware and so f tware  i n  t h e  cha in .  I t  is  
p e r s o n i f i e d  by a s e n i o r  " f l i g h t  c o n t r o l l e r "  who i s  t h e  f i n a l  
a u t h o r i t y  on and who has  f i n a l  r e s p o n s i b i l i t y  f o r  a l l  m a t t e r s  
i nvo lv ing  adherence t o  t h e  f l i g h t  p l an .  H i s  d e c i s i o n s  a r e  
s u b j e c t  t o  o v e r r i d e  by h igher  a u t h o r i t y  when miss ion  success  
is an i s s u e  o r ,  i n  a manned v e h i c l e ,  by t h e  a s t r o n a u t  commander 
when s a f e t y  of f l i g h t  i s  involved. S ince  t h e  f l i g h t  c o n t r o l  
on-l ine** r e s p o n s i b i l i t y  begins a t  e i t h e r  l i f t - o f f  o r  a t  b o o s t e r  
burn-out and ends a t  s p l a s h  down or demise i t  d i f f e r s  from what 
i s  o f t e n  r e f e r r e d  t o  as "mission c o n t r o l "  which concerns i t s e l f  
w i t h  - a l l  a s p e c t s  o f  t h e  mission.  F l i s h t  c o n t r o l  c l o s e l y  
i n t e g r a t e s  t h e  a c t i o n s  of  s e v e r a l  subfunct ions- - t racking  s t a -  
t i o n  c o n t r o l ,  communications, and d a t a  handl ing  are t h r e e .  When 
o p e r a t i n g ,  a l l  t h e s e  e s s e n t i a l  subfunct ions  come under t h e  
a e g i s  of f l i g h t  c o n t r o l .  How c l o s e l y  they should be coupled,  
o r g a n i z a t i o n a l l y ,  i s  p a r t l y  a p o l i c y  mat ter  and i s  n o t  cons idered  
f u r t h e r  he re .  

T i m e w i s e ,  t h e  e x e r c i s e  of t h e  f l i g h t  c o n t r o l  f u n c t i o n  
could  begin (wi th  p repa ra t ions  and r e h e a r s a l s )  as e a r l y  a s  t h e  
f a b r i c a t i o n  phase depending on t h e  program. I t  always i n c l u d e s  
t h e  planning,  t h e  p r e - f l i g h t  p r e p a r a t i o n ,  t h e  t r a i n i n g  of per-  
sonne l  and t h e  system i n t e g r a t i o n  and checkout p r e p a r a t o r y  t o  
a c t u a l  f l i g h t .  I t  almost  always cont inues  beyond t h e  l i f e  of 
t h e  s p a c e c r a f t  i n  t h e  form of c r i t i q u e s ,  post-mortems and 
c o r r e c t i v e  a c t i o n s .  A c t i v i t i e s  reach  a crescendo dur ing  t h e  
i n f l i g h t  pe r iod  wi th  t h e  dominant a c t i v i t y  be ing  conducted i n  
r ea l  t i m e  or  near  r ea l  time. 

*In t h i s  paper "network" i n c l u d e s  a l l  of t h e  suppor t ing  
r e sources  n o t  n e c e s s a r i l y  "used" o r  c o n t r o l l e d  s o l e l y  by any one 
program; i .e . ,  it i s  t h e  end-to-end aggrega te  of equipment and 
people  beginning wi th  t h e  antenna a t  t h e  t r a c k i n g  s i t e  which 
t r a n s m i t s  o r  receives t h e  s p a c e c r a f t  s i g n a l  and ending a t  t h e  
console  or  o t h e r  d a t a  p re sen ta t ion /d i sp lay  d e v i c e  a t  t h e  u l t i -  
m a t e  c o n t r o l  p o i n t ,  u s u a l l y ,  a c o n t r o l  room. I n  g e n e r a l ,  t h e  
"network" i s  n o t  concerned w i t h  t h e  d e t a i l e d  a c t i v i t y ,  problems 
o r  command a c t i o n s  a s s o c i a t e d  wi th  any one s p a c e c r a f t .  

**Appendix A d e f i n e s  "on- l ine" ,  " o f f - l i n e "  , "rea l  t i m e " ,  
and "near  r ea l  t i m e " ,  a s  used i n  t h i s  memorandum. 
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APPROACHES TO FLIGHT CONTROL 

Within t h e  Nat ional  Aeronaut ics  and Space Administra- 
t i o n  t h r e e  approaches t o  t h e  e x e r c i s e  of t h e  f l i g h t  c o n t r o l  
f u n c t i o n  have developed. A t  t h e  r i s k  of o v e r s i m p l i f i c a t i o n  
these are: 

The shared r e source  approach t y p i f i e d  by J P L  where 
t h e  t i m e  dynamics of deep space o p e r a t i o n s  have encouraged t h e  
s h a r i n g  of a common system by a l l  programs such a s ,  f o r  example, 
P ioneer  and Mariner. Shared are t h e  major elements  of t h e  Deep 
Space Network (DSN)--the t r a c k i n g  s t a t i o n s  of  t h e  Deep Space 
Ins t rumen ta t ion  F a c i l i t y  (DSIF) , t h e  Ground Communications 
F a c i l i t y  (GCF) and t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) 
a t  Pasadena. 

The semi-shared resource  approach taken  by GSFC where 
some equipment--primarily computers, rooms, and consoles - - i s  
dedicated t o  each of t h e  more complex programs such as OAO, OGO 
and TIROS* w h i l e  o t h e r  less complex programs such a s  Biosat ,  
RAE, and AIMP* s h a r e  c o n t r o l  rooms, consoles  and computers. A l l  
GSFC programs s h a r e  gene ra l  purpose computers fo r  t r a j e c t o r y  
de t e rmina t ions  and t h e  u s e  of t h e  STADAN.* 

The ded ica t ed  system approach taken  t h u s  f a r  by MSC 
wherein a l l  e lements  of t h e  system--the Mission Operat ions 
Con t ro l  Room (MOCR) , t h e  Real T i m e  Computer Complex (RTCC) , t h e  
Communications, Command and Telemetry System (CCATS) and t h e  
Manned Space F l i g h t  N e t w o r k  (MSFN)--have been designed f o r ,  modi- 
f i e d  f o r ,  and ded ica t ed  t o  one program a t  a t i m e .  (Although 
t h i s  has been t h e  p a t t e r n  thus f a r ,  i n t e r e s t s  of accuracy r e q u i r e  
u s  t o  note  t h a t  t h e  manned system could ,  a t  any t i m e ,  be conf igured  
t o  handle  t w o  d i f f e r e n t  manned programs s imul taneous ly  if r e q u i r e d . )  

These three approaches,  n o t  u n n a t u r a l l y ,  r e f l e c t  t h e  
ca tegory  of t h e  m i s s i o n  whether deep space ,  e a r t h  o r b i t a l ,  un- 
manned, or manned. A fou r th  approach, which combines somewhat 
t h e  MSC and GSFC approaches has been developed by t h e  A i r  Force 
Sa te l l i t e  Cont ro l  F a c i l i t y  ( A F S C F ) .  Here, a l l  programs share 
t h e  t r a c k i n g  s t a t i o n s ,  t h e  communications network and t h e  d a t a  
process ing  f a c i l i t i e s .  Also, mission c o n t r o l  rooms, d a t a  d i s p l a y  

*OAO - 
OGO - 

T I R O S  - 
RAE - 

AIMP - 
STADAN - 

O r b i t i n g  Astronomical Observatory 
Orb i t ing  Geophysical Observatory 
Te lev i s ion  I n f r a r e d  Observat ion S a t e l l i t e  
(Meteorological  s a t e l l i t e )  
Radio Astronomy Explorer  
Anchored I n t e r p l a n e t a r y  Monitor ing P l a t f o r m  
Space Tracking and D a t a  Acqu i s i t i on  Network 
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d e v i c e s  and consoles  are modular and are l a r g e l y  in t e rchangeab le  
between programs. T h e  Manned O r b i t i n g  Laboratory (MOL) however, 
w i l l  r e p r e s e n t  a p a r t i a l  depa r tu re  f r o m  t h i s  phi losophy s i n c e ,  
i n i t i a l l y ,  it w i l l  u se  c e r t a i n  d e d i c a t e d  computer equipment.* 

While ca tegory  of mission--deep space ,  ea r th  o r b i t a l ,  
unmanned, manned--has predominated i n  i n f l u e n c i n g  t h e  p a r t i c u l a r  
approach taken towards f l i g h t  c o n t r o l ,  a second f ac to r ,  cost  of  
o p e r a t i o n ,  has  a l so  been a de te rminant .  There i s  ev idence  which 
s u p p o r t s  t h e  conclus ion  t h a t  cost ,  or  more p r e c i s e l y  an i n s u f f i -  
c iency  of funds,  can be t h e  o v e r r i d i n g  c o n s i d e r a t i o n  caus ing  t h e  
ground suppor t  network t o  evolve i n  a manner such t h a t  programs 
begin  t o  s h a r e  common f a c i l i t i e s ,  t echn iques ,  personnel  and 
equipment. Conversely,  evidence i n d i c a t e s  t h a t  an i n c r e a s e  of 
funds t ends  t o  encourage programs t o  develop and deploy program- 
p e c u l i a r  equipment which may have l i t t l e  o r  no u t i l i t y  t o  o the r  
programs. Add i t iona l ly  when f l i g h t  c o n t r o l  f u n c t i o n s  are be ing  
e x e r c i s e d  on t w o  o r  more s p a c e c r a f t  s imul taneous ly ,  t h e  concept  
of m u l t i p l e  ope ra t ions  i s  in t roduced .  When r e s o u r c e s  are l i m i t e d ,  
t ime-sharing of people  and equipment u s u a l l y  takes p l a c e  so  t h a t  
t h e  f l i g h t  c o n t r o l  func t ion  nay be e x e r c i s e d  on any o n e  s p a c e c r a f t  
on a temporal b a s i s - - t h a t  i s ,  w i t h  r e sources  ass igned  du r ing  a 
s p e c i f i c  block of t i m e  only.  When n o t  s p e c i f i c a l l y  a s s igned ,  re- 
sources  are r e t u r n e d  t o  t h e  common inven to ry  and become a v a i l a b l e  
for reschedul ing .  While t h e s e  p r i n c i p l e s  apply mainly t o  t h e  
ground-support network, it i s  somewhat ax iomat ic  t h a t  t h e  configu-  
r a t i o n  of t h i s  network, i n  t u r n ,  s t r o n g l y  i n f l u e n c e s  t h e  n a t u r e  o f  
t h e  a s s o c i a t e d  f l i g h t  c o n t r o l  f u n c t i o n  and indeed ,  on occas ion ,  
t h e  c o n f i g u r a t i o n  of t h e  s p a c e c r a f t  i t s e l f .  

TIME DYNAMICS O F  FLIGHT CONTROL 

The f l i g h t  c o n t r o l  f u n c t i o n  can be broken i n t o  two d i s -  
t i n c t ,  b u t  c l o s e l y  r e l a t e d  p a r t s :  one which i s  concerned w i t h  
s p a c e c r a f t  o r i e n t e d  ac t iv i t ies  (or  program o r i e n t e d  a c t i v i t y  i f  
t h e r e  i s  more than  one s p a c e c r a f t  i n  t h e  program) and ano the r  

*Addit ional  information on t h e  Advanced Data System (ADS)  
now be ing  i n s t a l l e d  i n  t h e  AFSCF i s  conta ined  i n  Memorandum f o r  
F i l e ,  "USAF Sa te l l i t e  T e s t  Center  Advanced Data Subsystem ( A D S ) ,  I' 

dated,  February 1 8 ,  1 9 6 9 .  
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which is  concerned p r imar i ly  w i t h  network o r i e n t e d  a c t i v i t i e s .  
These a c t i v i t i e s  and t h e i r  time-dynamic modes can  b e  grouped i n  
a t w o  by two ma t r ix :  

S p a c e c r a f t  (Program) 
o r i e n t e d  

Network 
o r i e n t e d  

The p r i n c i p a l  f e a t u r e  which d i s t i n g u i s h e s  on - l ine  
a c t i v i t i e s  from o f f - l i n e  i s  t i m e .  When conducted on - l ine ,  
a c t i o n s  are c l o s e l y  geared t o  schedules  and t h e  time-dynamics of  
a m i s s i o n .  
Of f - l i ne  a c t i v i t i e s  on t h e  o t h e r  hand can g e n e r a l l y  be  " f i t - i n "  
t o  t h e  schedule  a s  t i m e  and r e source  a v a i l a b i l i t y  permi t .  Off- 
l i n e  f l i g h t  c o n t r o l  a c t i v i t i e s  a r e  res t r ic ted  t o  t h o s e  which 
d i r e c t l y  c o n t r i b u t e  t o  t h e  success  of t h e  f l i q h t .  

F l e x i b i l i t y  i n  when t h i n g s  need be  done i s  cons t r a ined .  

ON-LINE SPACECRAFT ORIENTED A C T I V I T I E S  

All on- l ine  s p a c e c r a f t  o r i e n t e d  a c t i v i t i e s  can be f i t  
i n t o  t h r e e  c a t e g o r i e s  : 

1. Analyses,  which a r e  of t w o  types :  

(a )  T r a j e c t o r y  analyses  and ephemeris gene ra t ions .  

(b)  Spacec ra f t  analyses  ( o r i e n t a t i o n s ,  maneuvers 
about  t h e  C.G. ,  s t a t u s  and t r e n d s  of bo th  c r a f t  
and science subsystems) .  

2 .  Cont ro l  (decis ion making, f l i g h t  p l a n  assurance  o r  
a l t e r a t i o n )  . 

3 .  Command (command s t a t u s ,  command gene ra t ion )  . 
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These a r e  a r e a s  of prime i n t e r e s t .  B a s i c a l l y ,  t h e  
f u n c t i o n s  t h a t  are performed i n  these a r e a s  are a n a l y s e s ,  d e c i -  
s i o n s ,  and execut ions  (of d e c i s i o n s ) .  

Each of t h e  t h r e e  prime c a t e g o r i e s  l i s t e d  above r ep re -  
s e n t s  a s u b s e t  of t h e  f l i g h t  c o n t r o l  f u n c t i o n  and each i n  t u r n  
i s  se rved  by people  s k i l l e d  i n  broad,  b u t  unique and i d e n t i f i a b l e ,  
d i s c i p l i n e s .  Having s a i d  t h i s  (and i t  i s  impor tan t  t o  make t h e  
d i s t i n c t i o n )  too much should n o t  b e  made of  i t  s i n c e  t h e  people  
who perform t h e s e  on - l ine  s p a c e c r a f t  o r i e n t e d  a c t i v i t i e s  f u n c t i o n  
c l o s e l y  as a t e a m  w i t h  cons ide rab le  i n t e r a c t i o n  o c c u r r i n g  w i t h i n  
t h e  group. F i n a l l y ,  i t  needs say ing  t h a t  w h i l e  a l l  t h e  subfunc- 
t i o n s  of t h e  s p a c e c r a f t  o r i e n t e d  a s p e c t s  of f l i g h t  c o n t r o l  can be  
f i t  i n t o  these c a t e g o r i e s ,  t h e  amount of emphasis each r e c e i v e s  
is  a f u n c t i o n  of t h e  s p a c e c r a f t  (or  program) and i t s  mission.  An 
example i s  t h e  area of ephemeris g e n e r a t i o n  and t r a j e c t o r y  analy-  
s is .  
s o l a r  o r b i t i n g ,  non-maneuverable c r a f t , *  t o  major f o r  a low e a r t h  
o r b i t ,  h igh d rag ,  maneuverable c r a f t .  

Here t h e  emphasis w i l l  r ange  f r o m  r e l a t i v e l y  minor,  f o r  a 

ON-LINE NETWORK (GROUND) ORIENTED A C T I V I T I E S  

c r a f t  or  

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

8 .  

9. 

On-line network o r i e n t e d  a c t i v i t i e s  i n c l u d e  a l l  on - l ine  
func t ions  performed n o t  n e c e s s a r i l y  i n  suppor t  of any one space- - 

program. Typica l ly ,  these inc lude :  

Network Control .  

Communications. 

Readiness Checks and C e r t i f i c a t i o n s .  

F a u l t  I s o l a t i o n .  

S t a t u s  Reporting. 

Resource Al loca t ion :  S h o r t  Range Scheduling. 

C o n f l i c t  I d e n t i f i c a t i o n  and Resolut ion.  

Data Management ( a c q u i s i t i o n ,  p rocess ing  and r o u t i n g ) .  

Data Display and P r e s e n t a t i o n .  

*Or even none a t  a l l  f o r  t h e  Apollo Lunar Sur face  Experi- 
ments Package (ALSEP) . 
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1 0 .  L ia i son  w i t h  o t h e r  Non-Organic, Agencies.  

11. Weather Support .  

1 2 .  Emergency Repair  and Maintenance. 

The l i s t  i s  i l l u s t r a t i v e .  I t  r a t h e r  obvious ly  assumes 
t h a t  more than  one s p a c e c r a f t  i s  be ing  c o n t r o l l e d  by t h e  network. 
I n  a complete l i s t i n g ,  - a l l  t h e  f u n c t i o n s  necessary  t o  i n s u r e  t h e  
proper  and t imely  func t ions  of  t h e  network would b e  included.  
The f u n c t i o n s  l i s t e d  are gene ra l ly  se l f - exp lana to ry ;  however, t w o  
might  r e q u i r e  f u r t h e r  c l a r i f i c a t i o n :  (1) c o n f l i c t  i d e n t i f i c a t i o n  
and r e s o l u t i o n  i s  r e q u i r e d  s i n c e  there w i l l  b e  occas ions  when t w o  
o r  more s p a c e c r a f t  desire t o  u s e  t h e  same resource  a t  t h e  same 
t i m e  (e .g . ,  an antenna)  or when t h e  s o l e  u s e  of a r e source  by one  
could adverse ly  a f f e c t  t h e  performance of  ano the r  (e .g . ,  R F I ) ;  
( 2 )  emergency r e p a i r  and maintenance i n c l u d e s  on ly  t h a t  which i s  
r e q u i r e d  t o  immediately p l ace  back i n  t h e  inventory  a f a i l e d  i t e m  
which has  been scheduled and which i s  c r i t i ca l  t o  a p a r t i c u l a r  
phase of a s p a c e c r a f t  f l i g h t .  A l l  o ther  r e p a i r  and maintenance 
would be an " o f f - l i n e "  func t ion .  

OFF-LINE ACT1 V I  T IES  

A s  d e f i n e d ,  t h e s e  are a l l  o ther  a c t i v i t i e s  which need 
b e  pursued i n  o r d e r  t o  accomplish t h e  f l i g h t  c o n t r o l  f u n c t i o n  b u t  
which need n o t  be r igo rous ly  scheduled;  t h a t  i s ,  wh i l e  i t  i s  
necessary  t h a t  t hey  b e  done, when they  are done i s  n o t  ( w i t h i n  
r easonab le  l i m i t s )  a c r i t i c a l  c o n s i d e r a t i o n .  Typica l  o f f - l i n e  
spacecraft o r i e n t e d  ac t iv i t ies  i n c l u d e  t h e  development and pub l i -  
c a t i o n  of f l i g h t  r u l e s ,  f l i g h t  p l a n s ,  p rocedures ,  software gene- 
r a t i o n ,  s p a c e c r a f t  s t a t u s  and t r e n d  ana lyses  of u s e  du r ing  t h e  
f l i g h t  per iod  b u t  n o t  necessary f o r  o n - l i n e  c o n t r o l ,  m o s t  pre-  
f l i g h t  p r e p a r a t i o n s ,  reviews and r e a d i n e s s  c e r t i f i c a t i o n s  and 
p o s t - f l i g h t  e v a l u a t i o n s ,  c r i t i q u e s ,  and r e p o r t s .  Typica l  o f f - l i n e  
network o r i e n t e d  a c t i v i t i e s  i n c l u d e  t h e  development and publ ica-  
t i o n  of network r u l e s ,  procedures and documentation, g e n e r a t i o n  
of g e n e r a l  purpose network so f tware ,  maintenance, equipment 
mod i f i ca t ion ,  conf igu ra t ion  c o n t r o l ,  r o u t i n e  outage  r e p o r t i n g ,  
c e r t a i n  d a t a  process ing  and t h e  i s suance  of r e source  f o r e c a s t s  
and schedules .  

While it i s  important  t o  s e p a r a t e  them f o r  ease of  
i d e n t i f i c a t i o n  and management v i s i b i l i t y ,  t h e  on - l ine  and o f f -  
l i n e  a c t i v i t i e s ,  be ing  d i s t i n g u i s h a b l e  p r i m a r i l y  by t h e i r  t i m e  
dynamics, are complimentary and should be  viewed as such by 
management. The f l i g h t  c o n t r o l  o p e r a t o r  w i l l  so view them i n  
any event .  
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FLIGHT CONTROL INTERRELATIONSHIPS 

When two or more s p a c e c r a f t  beg in  t o  share r e s o u r c e s ,  
o r  an e n t i r e  network, t h e  f u n c t i o n a l  i n t e r r e l a t i o n s h i p s  become 
complex. I n  a s i t u a t i o n  where, perhaps ,  as many as t e n  programs, 
w i t h  say  f i f t y  s p a c e c r a f t  of vary ing  complexity a l l  s h a r e  one 
common network t h e  r e s u l t  can r a p i d l y  become unmanageable u n l e s s  
t h e  f u n c t i o n a l  r e l a t i o n s h i p s  are c a r e f u l l y  p r e s c r i b e d  and adhered 
to .  Because t h e  s u b j e c t  i s  broad no one diagram can adequate ly  
p o r t r a y  t h e s e  r e l a t i o n s h i p s ;  however, F igu re  2 i s  an  overview o f  
t h e  i n t e r r e l a t i o n s h i p s  of t h e  s u b s e t  of a c t i v i t i e s  which comprise 
t h e  t o t a l  f l i g h t  c o n t r o l  func t ion .  A m u l t i - s p a c e c r a f t ,  s i n g l e  
network, environment w a s  chosen i n  an  a t t e m p t  t o  p o r t r a y  as com- 
p l e x  a p i c t u r e  as p o s s i b l e .  The t w o  major a c t i v i t i e s - - s p a c e c r a f t  
o r i e n t e d  and network or ien ted- - lend  themselves t o  a n a t u r a l  
s e p a r a t i o n  fo r  understanding. T h e  backgrounds and t r a i n i n g  of  
t h e  people  comprising t h e  two groups a r e  d i f f e r e n t .  Network 
o r i e n t e d  personnel  are w e l l  ve r sed  i n  t h e  ground (network) 
sys t em- -cha rac t e r i s t i c s  of t h e  s i tes ,  communications l i n e s ,  d a t a  
t r ansmiss ion  and process ing ,  and t h e  a b i l i t y  of t h e  network t o  
respond t o  given s i t u a t i o n s .  S t a t i o n  and equipment turnaround 
t i m e s ,  backup c a p a b i l i t i e s ,  even s k i l l  l e v e l  of s i t e  personnel  
o f t e n  are c r i t i c a l  f a c t o r s  i n  de te rmining  how o r  when a p a r t i c u -  
l a r  c o n t a c t  i s  t o  b e  made t o  a s p a c e c r a f t  and network personnel  
must be knowledgeable i n  t h e s e  areas. S p a c e c r a f t  o r i e n t e d  per- 
sonne l ,  on t h e  o t h e r  hand, may have l i t t l e  f i r s t  hand knowledge 
of network c a p a b i l i t i e s  b u t  are e x p e r t  on t h e i r  p a r t i c u l a r  c r a f t .  
They are w e l l  ve r sed ,  n o t  only i n  i t s  des ign  c o n f i g u r a t i o n  and 
response  c h a r a c t e r i s t i c s ,  b u t  a l so  on t h e  i d i o s y n c r a s i e s  of each 
p a r t i c u l a r  f l i g h t  a r t ic le  whether t h e  id iosync rasy  developed 
du r ing  t h e  f l i g h t  or w a s  i d e n t i f i e d  b e f o r e  f l i g h t  from a d e t a i l e d  
knowledge of t h e  problems encountered i n  t h e  f a b r i c a t i o n  of t h e  
c ra f t .  

WHAT FLIGHT CONTROL I S  NOT 

There are a h o s t  of program, miss ion ,  o r  f l i g h t  related, 
o f f - l i n e  a c t i v i t i e s  which, w h i l e  necessary  f o r  t h e  success  of t h e  
program, are n o t  e s s e n t i a l  to  t h e  success  of t h e  f l i g h t  c o n t r o l  
f u n c t i o n .  For example, i n  a number of programs data  are recorded  
p a s s i v e l y  by t h e  P r i n c i p a l  I n v e s t i g a t o r s  ( p . 1 . ' ~ )  o r  o t h e r  opera- 
t i o n a l  u s e r s .  A case i n  p o i n t  i s  t h e  o p e r a t i o n a l  TIROS Sa te l l i t es  
(TOSS) from which t h e  Environmental Sc iences  S e r v i c e  Adminis t ra t ion  
(ESSA) o b t a i n s  meteoro logica l  d a t a  d i r e c t l y .  Unless t h e  f a c i l i t i e s  
of t h e  f l i g h t  c o n t r o l  network i t s e l f  are used,  t o  e i t h e r  receive 
the data or t o  i s s u e  commands t o  t h e  s p a c e c r a f t ,  t h i s  t ype  of  
a c t i v i t y  does n o t  impact t h e  f l i g h t  c o n t r o l  f u n c t i o n  and, t h u s ,  
i s  n o t  a p a r t  of it. A n o t h e r  example i s  d a t a  p rocess ing  and 
a n a l y s e s  f o r  p o s t - f l i g h t  engineer ing  o r  s c i e n t i f i c  s t u d i e s .  On 
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occas ion ,  p a r t i c u l a r l y  i f  t he  f l i g h t  i s  of long  d u r a t i o n ,  such 
s t u d i e s  do indeed improve t h e  q u a l i t y  of  the miss ion  and may 
even h e l p  i n s u r e  i t s  success ;  t hus  a close i n t e r f a c e  r e l a t i o n s h i p  
i s  maintained.  Engineer ing and s c i e n t i f i c  ana lyses  f o r  under- 
s t a n d i n g  and a r t  s t a t e  advancement, are impor t an t  pu r su i t s - -  
indeed,  it can be comfor t ab ly  argued t h a t  t hey  are t h e  p r i n c i p a l  
reasons  f o r  t h e  programs' e x i s t e n c e  i n  t h e  f i r s t  p l ace .  I t  is 
m o s t  impor tan t  t o  e f f i c i e n t  management, however, t h a t  a l l  t h e s e  
related, b u t  n o n - f l i g h t  c o n t r o l ,  a c t i v i t i e s  r e t a i n  a d i s t i n c t  
and s e p a r a t e  i d e n t i t y .  F a i l u r e  t o  c l e a r l y  i d e n t i f y  t h e i r  
s e p a r a t e  s t a t u s  tends  t o  r educe  management v i s i b i l i t y  i n  a m o s t  
c r i t i c a l  and p o t e n t i a l l y  c o s t l y  area. 
c o s t s  can be i n c u r r e d  i n a d v e r t e n t l y  i n  o r d e r  t o  supply unneeded 
r ea l  t i m e ,  or nea r  rea l  t ime informat ion  when slower means o f  
d e l i v e r y ,  and process ing ,  o u t s i d e  t h e  expensive f l i g h t  c o n t r o l  
system, can be used. The p o i n t  i s  worth r e p e a t i n g  t h a t ,  when 
viewed i n  i t s  p u r e s t  s ense ,  t h e  f l i g h t  c o n t r o l  f u n c t i o n  
encompasses only those a c t i v i t i e s  which c o n t r i b u t e  d i r e c t l y  t o  
i n f l i g h t  success  and no o the r .  
e s s e n t i a l  i f  c o s t  e f f e c t i v e n e s s  i s  a g o a l ,  if d u p l i c a t i o n  and 
unnecessary e f f o r t s  are to  be reduced,  i f  "hobby-shops" are t o  
be  c o n t r o l l e d ,  and i f  a c l e a r  understanding of how t h e  system 
works i s  t o  be  imparted t o  a l l  working-level  personnel .  

I t  i s  h e r e  t h a t  h igh  

C l a r i t y  of this concept  i s  

SUrQ4ARY AND CONCLUSIONS 

The s u c c e s s f u l  conduct of a space  f l i g h t  program i s  t h e  
end r e s u l t  of t h e  e f f o r t s  of many people .  Wi th  r e s p e c t  t o  a c t i v i -  
t i es  r e l a t i n g  t o  t h e  s p a c e c r a f t  i t s e l f  t h e s e  people  and t h e  t o o l s  
t hey  u s e  can be ass igned  t o  fou r  major phases  f o r  e a s e  of  i d e n t i -  
f i c a t i o n :  these are f a b r i c a t i o n ,  launch,  f l i g h t ,  and recovery.  
The types  of i n d i v i d u a l s  engaged i n  each of  t h e s e  phases ,  and 
the equipment they  u s e ,  is s u f f i c i e n t l y  unique t o  war ran t  looking 
on them as belonging t o  fou r  s e p a r a t e  d i s c i p l i n a r y  communities. 

The c o n t r o l  of s p a c e c r a f t  i n  f l i g h t  has r e s u l t e d  i n  t h e  
e v o l u t i o n  over  t h e  p a s t  t e n  years of a d i s c i p l i n a r y  f u n c t i o n ,  
h e r e  called ' I f  l i g h t  c o n t r o l " ,  which wh i l e  e x t e n s i v e l y  p r a c t i c e d  
has  thus  f a r  been i l l - d e f i n e d  excep t  i n  l oca l  a p p l i c a t i o n s .  From 
a pu re ly  o p e r a t i o n a l  p o i n t  of view, t h i s  l a c k  has  n o t  been harm- 
f u l  s i n c e  t h e  people  involved have been s k i l l e d ,  have known what 
t h e y  w e r e  doing and why, and t h e  r e s u l t s ,  n a t i o n a l l y  have been 
eminent ly  s u c c e s s f u l .  I t  i s  n o t  a t  a l l  c e r t a i n ,  however, t h a t  
t h e  t o t a l  n a t i o n a l  e f fo r t  has been cost  e f f e c t i v e .  I f  one wishes 
t o  c r i t i c a l l y  examine t h e  n a t i o n a l  space  program i n  an a t t empt  t o  
reduce o v e r a l l  cost whi le ,  a t  t h e  same t i m e ,  running no r i s k  of 
impai r ing  success ,  a better understanding of what c o n s t i t u t e s  
each unique and i d e n t i f i a b l e  phase of a program i s  necessary.  To 
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do t h i s ,  i n t e r f a c e s  must b e  c l e a n l y  (even r u t h l e s s l y )  def ined .  
I t  i s  recognized t h a t  o f t e n ,  p a r t i c u l a r l y  i n  day-to-day a c t i v i -  
t i es ,  ove r l aps  occur .  Indeed, in formal  c r o s s i n g  o f  i n t e r f a c e s  
i s  e s s e n t i a l  t o  a smooth working system and must b e  encouraged. 
Neve r the l e s s ,  w e  conclude t h a t  adequate  management v i s i b i l i t y  
r e q u i r e s ,  a s  a f i r s t  c u t ,  a "b lack  and whi te"  approach t o  t h e  
problem i f  understanding i s  t o  be achieved and cost  e f f e c t i v e -  
n e s s  i s  an o b j e c t i v e .  

I n  t h i s  memorandum, f l i g h t  c o n t r o l  i s  d e f i n e d  as t h e  
dominant func t ion  e x e r c i s e d  dur ing  t h e  t h i r d  of t h e  f o u r  major 
phases  i n  t h e  l i f e  c y c l e  of a s p a c e c r a f t .  W e  conclude t h a t  t h e  
bounds of  f l i g h t  c o n t r o l  lend themselves t o  a n a t u r a l ,  d i s c i p l i -  
nary  break-out and can be p r e c i s e l y  determined.  
t h a t  'If l i g h t  c o n t r o l "  inc ludes  only  t h o s e  sub func t ions  necessary  
f o r  t h e  conduct of t h e  f l i g h t - - f o r  t h e  "care and feeding"  o f  t h e  
s p a c e c r a f t  and i t s  payload. Inc luded  a r e  sub func t ions  t h a t  are 
conducted both  on - l ine  and o f f - l i n e  and which r e l a t e  t o  bo th  t h e  
s p a c e c r a f t  and t h e  network through which t h e  c r a f t  are  c o n t r o l l e d .  

W e  conclude 

A l l  s p a c e c r a f t  f l i g h t  c o n t r o l  a c t i v i t i e s  can be con- 
v e n i e n t l y  f i t  i n t o  t h r e e  ca t egor i e s - - ana lys i s ,  c o n t r o l  and com- 
mand. These r e p r e s e n t  t h e  fundamental p rocesses  o f  a n a l y s i s  (of 
t h e  basic c r a f t ,  of i t s  payload, and of i t s  p o s i t i o n  and maneuvers) ,  
d e c i s i o n s  and execut ion  of d e c i s i o n s .  A l l  network f l i g h t  c o n t r o l  
a c t i v i t i e s ,  which by d e f i n i t i o n  are non-spacecraf t  s p e c i f i c ,  can 
be s i m i l a r l y  f i t  i n t o  a f i n i t e  number of c a t e g o r i e s  ( schedu l ing ,  
s t a t u s  r e p o r t i n g ,  c o n f l i c t  i d e n t i f i c a t i o n ,  l i a i s o n ,  e t c . )  . 

F l i g h t  c o n t r o l ,  p a r t i c u l a r l y  o n - l i n e  and i n  r e a l  t i m e ,  
i s  expensive and resource  consuming. Thus, p e r i p h e r a l  a c t i v i t i e s  
d e r i v i n g  suppor t  o r  b e n e f i t  from t h e  f l i g h t  c o n t r o l  a c t i v i t y ,  
b u t  n o t  r equ i r ed  i n  suppor t  of f l i g h t  c o n t r o l ,  must be  c l e a r l y  
i d e n t i f i e d  and set  a p a r t .  E s s e n t i a l i t y  t o  t h e  f l i g h t  c o n t r o l  
f u n c t i o n  must be t h e  c r i t e r i o n ;  mere d e s i r a b i l i t y  i s  not  s u f f i -  
c i e n t .  Once s o  i d e n t i f i e d ,  except ions  i n  mode of o p e r a t i o n  can 
b e  made and ove r l aps  tolerated.  Of ten  t h i s  i s  desirable  i n  t h e  
" rea l  world" f o r  c o s t  e f f e c t i v e n e s s  and convenience. But t h e  
p o i n t  i s  made t h a t  each except ion  should be  c l e a r l y  recognized 
as such and n o t  allowed t o  grow i n t o  an i l l - d e f i n e d  i n t e r f a c e .  
W e  conclude t h a t ,  once having made this i d e n t i f i c a t i o n ,  s i g n i f i -  
c a n t  economies can  be r e a l i z e d  wi thou t  jeopardy t o  miss ion  success  
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by t h e  e l i m i n a t i o n  of unnecessary e f f o r t ,  by ensu r ing  t h a t  non- 
f l i g h t  suppor t ing  a c t i v i t i e s  are conducted o u t s i d e  t h e  c o s t l y  
f l i g h t  c o n t r o l  s t r u c t u r e ,  by combining a c t i v i t i e s  and s h a r i n g  
people  and equipment where f e a s i b l e  and by a l lowing  greater 
management v i s i b i l i t y  i n  t h i s  area. 

1031-JHF-bjw 

Attachments 
Appendix A 
F igures  1 and 2 
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On-line,  o f f - l i n e ,  r e a l  t i m e  and n e a r  rea l  t i m e  are 
t e r m s  which have been ass igned  d i f f e r e n t  meanings a t  d i f f e r e n t  
t i m e s  depending on t h e  background of t h e  u s e r  and on t h e  s u b j e c t  
and c o n t e x t  t o  which they  have been app l i ed .  A b roader  app l i ca -  
t i o n  i s  u s u a l l y  in tended  when they  are used i n  f l i g h t  o p e r a t i o n s  
d i s c u s s i o n s  than  i n ,  s a y ,  computer o p e r a t i o n s .  H e r e  they  are 
g e n e r a l l y  used as fo l lows:  

On-line Funct ions - Those func t ions  performed i n  close 
proximi ty ,  t i m e w i s e ,  t o  a c o n t a c t  between a c o n t r o l  p o i n t ,  a 
t r a c k i n g  s t a t i o n  and, u s u a l l y ,  a s p a c e c r a f t .  On occas ion ,  one 
of t h e s e  elements may be missing.  For example, f u n c t i o n s  could  
be  performed "on-l ine"  during s imula t ions  o r  r e h e a r s a l s  where an 
a c t u a l  s p a c e c r a f t  w a s  n o t  involved. P h y s i c a l  p resence  a t  a 
"p lace  of duty" i s  r e q u i r e d  of p a r t i c i p a n t s .  Equipment (hard- 
ware, so f tware ,  communications) i s  e i t h e r  be ing  used o r  capable  
of be ing  used when r equ i r ed :  i t  i s  n o t  a v a i l a b l e  f o r  any o t h e r  
purpose.  Scheduling of network r e sources  ( u s u a l l y  end-to-end 
f r o m  t h e  opera tor /console  a t  t h e  f l i g h t  c o n t r o l  p o i n t  t o  t h e  
an tennas)  i s  i n  e f f ec t .  On-line i s  a broader  ca t egory  than  and 
encompasses r e a l  t i m e  and near r e a l  t i m e .  

Of f - l i ne  Funct ions - Any t h a t  a r e  n o t  on - l ine  are  o f f - l i n e .  
T i m e  i s  n o t  a c r u c i a l  factor.  Constant  p h y s i c a l  presence of  t h e  
p a r t i c i p a n t  i s  n o t  r equ i r ed .  Considerable  f l e x i b i l i t y  i n  
schedul ing  i s  allowed. No i n t i m a t e  r e l a t i o n s h i p  t o  t h e  f l i g h t  
dynamics of t h e  s p a c e c r a f t ,  r ea l  o r  s imula t ed ,  e x i s t s .  

R e a l  T i m e  Funct ions - Those f u n c t i o n s  performed i n  a t i m e  
i n t e r v a l  such t h a t  t h e  observed r e s u l t s  c a n  be  used t o  gu ide  or  
modify t h e  process  i n  e f f e c t  a t  t h a t  t i m e .  S p e c i f i c a l l y ,  t h e  
sending of commands o r  t h e  r ece iv ing  of d a t a  from a s p a c e c r a f t  
i n  a t i m e  i n t e r v a l  measured only  by t h e  passage o f  an e l e c t r o n i c  
s i g n a l  from t h e  p o i n t  of i n i t i a t i o n  of t h e  s i g n a l  ( swi tch  c l o s u r e )  
t o  f i n a l  acknowledgement of r e c e i p t  of t h e  s i g n a l  e i t h e r  w i t h i n  
t h e  s p a c e c r a f t  or  a t  a d i s p l a y  dev ice  on Ea r th .  General ly  t h e  
i n t e r v a l  i s  a f u n c t i o n  only of t h e  t i m e  r e q u i r e d  f o r  swi tch  
a c t i v a t i o n s ,  computer ope ra t ions  and s i g n a l  t r a v e l s  b u t  a l s o  i s  
extended t o  inc lude  t h e  time r equ i r ed  f o r  t h e  o p e r a t o r  t o  n o t e  
t h e  r e s u l t  ( i . e . ,  t h a t  t h e  d e s i r e d  a c t i o n  has  taken  p l ace )  . An 
example i s  t h e  swi tch ing  of te lemet ry  modes i n  a s p a c e c r a f t  upon 
ground command. R e a l  t i m e  switching would i n c l u d e  t h e  t i m e  re- 
q u i r e d  from t h e  i n i t i a t i o n  of t h e  sending of t h e  command, t o  t h e  
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obse rva t ion  ( a t  ei ther t h e  t r a c k i n g  s t a t i o n  o r  a t  t h e  f l i g h t  con- 
t r o l  p o i n t )  t h a t  t h e  s p a c e c r a f t  has  accepted  t h e  command f o r  
l a t e r  a c t i o n  o r  has  indeed responded t o  it and new t e l eme t ry  
parameters  are be ing  observed. 

N e a r - R e a l  T i m e  Funct ions - Those f u n c t i o n s  performed i n  a 
t i m e  i n t e r v a l  such t h a t  a series of a c t i o n s  are t aken  w i t h  mini- 
mum de lay .  V i r t u a l  ins tan taneous  response  by t h e  o p e r a t o r  i s  
necessary .  Equipment-wise t h e  a c t i o n  i s  u s u a l l y  i n  real  t i m e  
b u t  operator-wise a d e c i s i o n  process  i s  u s u a l l y  involved.  How- 
e v e r ,  l engthy  d e l a y  i s  n o t  permi t ted .  Genera l ly  there i s  n o t  
t i m e  f o r  extended conferences t o  de te rmine  cour ses  of  a c t i o n .  
The o p e r a t o r  makes h i s  d e c i s i o n  based on p r i o r  ana lyses  and on  
p r e v i o u s l y  agreed upon " i f  t h i s ,  t hen  t h a t "  t ype  l o g i c .  
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